Abstract: Using annual data from 1997-2014 of 30 provinces, municipalities, and autonomous regions, subdividing trended and cyclical volatility of macroeconomics and inflation, considering different indicators of financial development and financial structure, this paper investigated the impact of financial development and financial structure on macroeconomic volatility. The empirical results found that (1) the trended and cyclical volatility of the previous macroeconomic period had a significantly positive impact on that of the current period, and the impact of trended volatility was greater than that of cyclical volatility; (2) financial development had a significantly negative impact on macroeconomic cyclical volatility through inflation cyclical volatility, but inflation trended volatility would amplify macroeconomic volatility; financial markets have no significant effect on macroeconomic volatility; financial structure measured with the ratio of stock market turnover and the efficiency of the financial development had a significant positive impact on macroeconomic cyclical volatility; and (3) inflation trended volatility had a significantly negative impact on macroeconomic cyclical volatility and trended volatility, while inflation cyclical volatility had a significantly positive impact on macroeconomic cyclical volatility.
Introduction
Since the studies of Schumpeter [1] , Goldsmith [2] , and McKinnon [3] on the causality of financial development and economic growth, the relationship between financial development and economic growth has been a popular research topic among scholars. Theory suggests that the establishment and development of financial institutions and financial markets is essential for sustained economic growth. Financial development can reduce risk, improve corporate management, promote investment, lower transaction and information costs, and accelerate specialization [4] . These theoretical perspectives have been supported by a large number of empirical research papers (see [5, 6] Literature Review). However, unlike the voluminous literature on the relationship between financial development and economic growth, until the last two decades, the relationship between financial development and economic volatility has gradually become the current focus instead of the subprime problem [7] . Moreover, based on various samples, indexes, and estimation methods, some inter-country empirical literature has investigated the role of financial development and growth volatility, but the conclusions are controversial. Denizer et al. [8] and Silva [9] provide supportive evidence for the stabilizing effect on economic volatility of the development of financial intermediaries, while Tiryaki [10] and Beck et al. [11] found no evident relationship between the development of financial intermediaries and economic volatility. Easterly et al. [12] and Kunieda [13] even found a nonlinear relationship between the development of financial intermediaries and economic volatility.
Through careful analysis of the existing literature, this paper found that the main reason for controversial or even contradictory conclusions was that the inertia of economic volatility has not been considered in the existing literature. Moreover, the trend factor and the cyclical factor of volatility were not distinguished. Based on this, using annual data from 1997 to 2014 from 30 provinces, municipalities, and autonomous regions in China, subdividing macroeconomic cyclical volatility and trended volatility and inflation, considering different indicators of financial development and financial structures, this paper aimed to answer the following questions: First, will financially more-developed regions experience more or less economic volatility? Second, will financial development suppress external factors like inflation's impact on economic volatility? Third, will they affect trended and cyclical volatility in the same way? The empirical results showed the following: (1) The trended and cyclical volatility of the previous macroeconomic period had a significantly positive impact on that of the current period, and the impact of trended volatility was greater than that of cyclical volatility; (2) The scale and efficiency of financial development had a significantly negative impact on macroeconomic cyclical volatility. The scale and efficiency of financial development also suppressed macroeconomic volatility through cyclical volatility of inflation, while inflation trended volatility amplified macroeconomic volatility. Financial markets had no significant effect on macroeconomic volatility, but the total stock market capitalization suppressed macroeconomic cyclical volatility through cyclical volatility of inflation. Financial structures measured with the ratio of stock market turnover and the efficiency of the financial development had a significant, positive impact on macroeconomic cyclical volatility; (3) Inflation-trended volatility had a significantly negative impact on macroeconomic cyclical volatility and trended volatility, while cyclical volatility of inflation had a significantly positive impact on macroeconomic cyclical volatility.
The contributions of this paper are reflected as the following: First, many scholars have studied the relationship between financial development and macroeconomic volatility. However, without exception, they have not considered the inertia of economic volatility, resulting in the omission of variables and in defective measurement methods. By considering lagged terms of economic volatility, and using a dynamic panel estimation method for correction, this paper provides more reliable results. Second, many scholars have studied the impact of macroeconomic structure and distribution of cyclical volatility, such as financial development and external shocks, but the impact of these on trended volatility has not been studied. Aghion et al. [14] tried to build a model to solve the issue, but their empirical study ignored various factors causing volatility (except [15, 16] ), especially the difference between trended volatility and cyclical volatility. By subdividing trended volatility and cyclical volatility of economic development and inflation, and studying the difference among various volatility factors, this paper generates more detailed results. Third, previous literatures have found that financial development reduces macroeconomic volatility. However, when financial development is measured with different indicators, this kind of relationship between financial development and economic volatility has been proven to be not sound. This paper discusses the impact of the development of financial intermediaries, the financial market, and financial structure on macroeconomic volatility, so as to coordinate the resulting difference caused by various financial indicators.
The rest of this paper is organized as follows: Section 2 is a literature review. Section 3 describes the data, variables, and methodology used in this empirical strategy. Section 4 presents the empirical results. Finally, Section 5 is the conclusion.
Literature Review
The relationship between the real economy and the financial market is rooted in an enterprise's needs for external financing and borrowing capacity, depending on the market value of the enterprise's net assets. When an enterprise experiences a positive shock or a negative shock, the value of its net assets will increase or decrease, which will amplify the impact on the economy via the credit market, resulting in fluctuations in the economy. This impact is called the financial accelerator effect. Bernanke and Gertler [17] , Bernanke, Gertler, and Gilchrist [18] and Kiyotaki and Moore [19] believe that weak or unstable financial markets will experience an amplified economic volatility due to the financial accelerator effect, while developed financial systems will experience reduced economic volatility due to the financial accelerator effect.
In the financial accelerator model, there is some asymmetric information between debtors and creditors, and the loan interest rate is higher than the risk-free rate. This external financing premium is driven by two channels: the balance sheet channel and the information channel. The balance sheet channel reflects the dependence of external financing opportunities on the enterprise's balance sheet, and the information channel reflects the external financing premium as positively correlated with the severity of the company's problems. Later, some scholars analyzed the relationship between financial development and economic volatility with asymmetric information. Aghion et al. [20] , Caballero and Krishnamurthy [21] believe that reducing the information friction of the credit market, reducing the enterprise's dependence on credit financing, and the development of financial intermediaries is conducive to curbing the financial accelerator effect, and would enhance counter-cyclical long-term investment so as to stabilize economic volatility. Bacchetta and Caminal [22] insist that, due to different marginal capital outputs between manufacturers, the economic impact reconfigures the manufacturers' funds, in such a way that it affects macroeconomic volatility. Due to asymmetric information, financial development will offset the shock's impact on macroeconomic volatility.
Other scholars analyzed the relationship between financial development and economic volatility from the perspective of risk management of investments. Acemoglu and Zilibotti [23] pointed out that inseparability of investments will limit the level of risk diversification of the economy. The desire to avoid high-risk investments will reduce the accumulation of capital, and because the risk cannot be effectively dispersed, the uncertainty of economic growth will increase. The development of financial intermediaries can effectively disperse investment risk, thereby moderating volatility in economic growth. Wang and Wen [24] believe that the development of financial intermediaries enhances risk management capabilities, so enterprises will be more sensitive to the irreversible fixed investment. In this way, when different enterprises face idiosyncratic or unforeseen shocks, business investment may experience great volatility, but the total investment in the economy will not.
Based on different samples, indicators, and estimation methods, some inter-country studies provide complex and even contradictory empirical evidence. From the macro level and the industry level, some empirical studies find that financial development will reduce macroeconomic volatility to some extent. On the macro level: Hausmann and Gavin [25] , using data from 1970 to 1992 on developing countries in Latin America, measured macroeconomic volatility with the standard deviation of real GDP growth; Silva [9] , using data from 1960 to 1997 on 40 countries, measured economic volatility with the standard deviation of cyclical factors after the BP filtering; Denizer et al. [8] , using panel data from 1956 to 1998 on 70 countries, measured macroeconomic volatility with the standard deviation of real per capita income growth; Buch and Pierdzioch [26] , using data on 76 countries, measured economic cyclical volatility with the standard deviation of the actual GDP growth rate; Tharavanij [27] , using panel data from 1975 to 2004 on 44 countries, measured economic cyclical volatility with the standard deviation of growth rate of real per capita GDP and filtered real per capita GDP; Wang and Li [28] used provincial panel data on China from 1993 to 2005; Wahid [29] , using data from 1977 to 2006 on China, measured economic volatility with a five year moving standard deviation; Zhu et al. [30] , using panel data from 1978 to 2009 on 28 provinces, measured economic volatility with an average moving standard deviation of real per capita GDP; Yao et al. [31] , using China's 2001-2012 time series data, measured economic volatility with the fluctuation factor as the year-on-year real growth rate of industrial added value with an HP filter; and Wang and Zhao [32] , using macro data from 1961 to 2012 on 214 countries, measured macroeconomic volatility with the standard deviation of GDP growth. All the results show that financial development is conducive to reducing macroeconomic volatility. On the industry level: Larrain [16] , using manufacturing industry data from 1963 to 1999 on 59 countries, measured industrial volatility with the standard deviation of detrend industrial output, and subdivided industrial volatility into systematic volatility and heterogeneous volatility (industrial volatility is irrelevant to the country's GDP). The results show that the inhibitory effect of bank credit on heterogeneous volatility is stronger, and this inhibitory effect is realized through counter-cyclical lending.
The above empirical literature examines the impact of financial development on economic volatility with a similar measuring method, using the standard deviation of the growth rate of real per capita GDP as economic volatility, but does not differentiate trended volatility and cyclical volatility. Darrat et al. [15] , using annual data from 1973 to 2000 of the UAE, measured economic volatility with the average moving standard deviation of the two-year real GDP growth. The results show that financial development significantly suppresses long-term economic volatility, while having no significant effect on short-term volatility. Finally, Mallick [33] using data from 1980 to 2004 on 70 countries, subdivided the volatility of real per capita GDP growth into cyclical volatility and long-term volatility with the spectral method. The results show that financial development will only affect cyclical volatility, and external shocks will affect both cyclical volatility and long-term volatility of GDP growth.
Other literature argues that whether financial development stabilizes economic volatility depends on the nature of the impacts. Bacchetta and Caminal [22] , considering the proportion of the enterprise with credit constraints caused by asymmetric information, and building a dynamic equilibrium macroeconomic model, found that whether financial constraints amplify or suppress volatility depends on the type of shocks, i.e., external shocks' effects on the enterprise, with credit constraints on external funding and internal funding. Hahn [34] , using a study sample from 1970 to 2000 on 22 OECD countries, measured macroeconomic volatility with the standard deviation of real per capita GDP. The difference between the maximum and minimum of real per capita GDP, and the standard deviation of annual changes in real per capita GDP, shows that developed stock markets amplify monetary shocks but suppress physical shocks. Beck et al. [11] , building a theoretical model on the assumption that financial intermediaries reduce company costs and the entrepreneur's cash flow, using panel data from 1960 to 1997 on 63 countries, measured economic volatility with the standard deviation of real per capita GDP. The results show that the economic impact did not necessarily increase volatility of economic growth, and the development of financial intermediaries offset the economic impact of the real economy, and amplified the monetary shocks. Luo and Du [35] used the periodic factor resulting from HP filtering in the real GDP time series as proxy variables to reflect output volatility. The results show that in China's process of economic operation, the development of financial intermediaries will amplify monetary shocks, but have no significant impact on the real shocks.
Some literature even believes that the relationship between the development of financial intermediaries and economic volatility is non-linear. For example, Easterly et al. [12] , found that, while most bank credit is significantly correlated with lower growth volatility, the square term of the bank credit variable is significantly positive, indicating that non-linear financial development will reduce growth volatility. This means that a developed financial system provides opportunities for economic stability but also implies that an enterprise has high financial leverage, implying higher risks as well as lower stability. Thus, the relationship between the development of bank intermediaries and output growth volatility is U-shaped. In the Aghion et al. [36] model, the development of financial intermediaries stabilized economic volatility only after exceeding a certain threshold value. Kunieda [13] , using period data from 1971 to 2000 on 90 countries, measured economic volatility with the variance of the growth rate of real per capita GDP, and found that financial development has a hump effect on growth volatility. This U-shaped relationship emerges in the following way: In the early stages of financial development, the growth rate shows less volatility. With the improvement and development of the financial sector, the economy shows more volatility. However, when the financial sector is mature, the growth rate shows less volatility. Zhao et al. [37] used the threshold vector auto regression (TVAR) model to conduct empirical research on the non-linear relationship between the Chinese credit market and macroeconomic volatility on the macro level. The results found that from January 1990 to May 2006, economic volatility was significantly stronger when the credit market was in a state of "deflation" rather than when it was in a state of "inflation". Yao and Bao [38] , using provincial data from 1994 to 2010 on China, measured the volatility of economic growth with a five-year moving average standard deviation of periodic factors in economic growth identified by the CF filtering method. They found that, although the development of China's financial intermediaries had a significant damping effect on monetary shocks, China had not yet reached the level where the development of financial intermediaries will stabilize economic volatility.
Ways and degrees of the impact of the development of financial intermediaries and the stock market on macroeconomic volatility have been compared in some literatures. Raddatz [39] , using industrial data from 1980 to 1998 on 47 countries, measured economic volatility with the standard deviation of the increase of actual growth in the industry, the standard median deviation of the increase of actual growth in the industry, as well as the standard deviation of actual output growth. The results show that, through reducing the relative variance of each enterprise's output growth to reduce the variance of high-flow sectors, financial development can reduce economic volatility. The development of financial intermediaries plays a more prominent role than the stock market in reducing the fluctuations. Yeh et al. [40] , using panel data from 1960 to 2009 on 40 countries, measured economic volatility with a five-year moving standard deviation of growth rate, a five-year average moving standard deviation of the absolute value of the growth rate's change, and generalized autoregressive conditional heteroscedasticity. There was a significant co-integrated relationship between the financial structure and economic growth and its volatility. In the long term, countries where the capital market develops better than the credit market enjoy faster economic growth, but suffer more economic volatility. Du and Pang [41] , using China's real GDP data from 1992:1Q to 2003:4Q, measured cyclical volatility of economic growth with the conditional heteroscedasticity isolated from the conditional heteroscedasticity model. The correlation between financial development and economic cycles resulting from the development of China's financial intermediaries, interest rate trends, and the stock market was tested. The results show the development of financial intermediaries in China and that the financial market will amplify economic growth volatility. Dong [42] , using China's 1992-2004 quarterly data, measured real GDP growth volatility with the absolute deviation of the actual growth rate and the long-term trend of HP filtering. The results show that the rapid development of China's financial market had an important impact on reducing growth volatility, and bank credit exhibited a greater ability to reduce output volatility than the stock market.
Data, Variables, and Methodology

Data
Using the annual data from 1997 to 2014 on 30 provinces, municipalities, and autonomous regions (The data of Tibet Autonomous Region is not included in this paper, because of the considerable lack of relevant data in Tibet.) in China, this paper studied the impact of financial development and the financial structure on macroeconomic volatility. The year 1997 was selected as the starting year for three reasons: First, after the 1997 Asian financial crisis, financial decision-making has gradually moved to the central government [35] . Second, in this paper it was necessary to use turnover rate, tradable value, and total value of the stock in each province, municipality, and autonomous region. China's stock market started at the end of 1990, and until 1997 a large number of listed companies emerged in each province, municipality, and autonomous region. Third, Chongqing became a municipality in 1997, so the mistake in the existing literature that Chongqing was a part of Sichuan Province can be avoided. Thus, the total observed values of annual data in this paper is 540.
Methodology
Based on the research approach of Beck et al. [11] , and considering the endogeneity of financial development and financial structures, the one-period-lagged variables of financial development and financial structures are selected [8] , thereby setting the following empirical model:
where: i and t, respectively, represent the provinces, municipalities, and autonomous regions as well as the corresponding time (the same as below); α i and η t , respectively, represent individual fixed effect and time fixed effect, so as to control the effect of factors which do not vary with individual and time on economic volatility; ε it represents the error term.
Volatility represents the index of macroeconomic volatility. In the previous literature, there have been several ways to measure volatility, one of which is to divide a time span into several major stages, and to calculate the standard deviation of the corresponding variable at each stage, so as to obtain the corresponding indictors from the shorter panel of data. However, this method is suitable for panel data covering a very long time span. Due to the shorter time span of this study, this method was not suitable to measure economic volatility in China. Based on the method of Darrat et al. [15] , the moving average standard deviation was used in this paper to measure macroeconomic volatility. Specific calculation steps are as follows: First, the natural logarithm of real per capita GDP was calculated, and the asymmetric CF filtering method was used to identify the trended factors and the cyclical factors in the macro-economy. After that, the moving standard deviation of the adjacent four-year real per capita GDP of trended factors and cyclical factors was used to measure trended volatility and cyclical volatility in the macro-economy [43] . Meanwhile, because the macroeconomic volatility was a continuous and dynamic process of adjustment, certain inertia characteristics and path dependencies should be taken into account; i.e., any previous economic volatility will have an impact on the current economic volatility. Meanwhile, a prominent advantage of the dynamic panel data model was that it is capable of resolving the problem of omitted variables through controlling the fixed effect, and solving the problem of reverse causality [44] . Therefore, the lagged dependent variable was included in the model Volatility i,t−1 .
Fin represents financial development and the financial structure. Financial development includes two aspects: the development of financial intermediaries and the development of the financial market, because the development of financial intermediaries includes the scale expansion of the financial system and also the efficiency improvement of the financial system. Based on the method used by Zhu et al. [30] , the loan balance of financial institutions/GDP and private sector credit/GDP were used in this paper to reflect the scale expansion of the financial system and the efficiency improvement of the financial system. Based on the method used by Huang et al. [45] , they estimated the ratio of private sector credit to GDP among China's provinces, municipalities, and autonomous regions. It was assumed in this estimation method that all credit rationing went to only two parts, namely, loans allocated to state-owned enterprises and loans allocated to the private enterprises. Assuming that the loans allocated to state-owned enterprises in the provinces, municipalities, and autonomous regions were positively correlated with their investment of fixed assets [46] , the loan of private enterprises can be expressed as: total loan balance × (1 − the investment of fixed assets of the state-owned economy/the total investment of fixed assets of the whole society). The development of financial markets can be measured from the two aspects of scale and liquidity. The capitalization of the stock market can be measured with the ratio of the stock market to economic scale; namely, the stock market capitalization of listed companies (average at the beginning and end of the stock market capitalization) in provinces, municipalities, and autonomous regions/GDP. Meanwhile, considering the tradable shares and non-tradable shares of listed companies in China, the market capitalization of listed companies should be measured with the market capitalization of tradable shares and total market capitalization; namely, the stock market tradable shares capitalization of listed companies (average at the beginning and end of the stock market tradable shares capitalization) in provinces, municipalities, and autonomous regions/GDP and the total market capitalization of listed companies (average at the beginning and end of the total market capitalization) in provinces municipalities, and autonomous regions/GDP. The stock market liquidity should be measured with the economic liquidity provided by the stock market; namely, stock market trading value of listed companies (average at the beginning and end of stock market trading value) in provinces, municipalities, and autonomous regions/GDP.
To test the importance of financial structure for economic volatility, this paper follows the Levine [47] method. As for the indicators of bank credit and stock market development, two alternative indicators of financial structure were selected; namely, the relative activity and scale of the banking system and the stock market. The first indicator was used to measure stock market activity to banking system activity with the ratio of stock turnover/private sector credit; the second indicator was used to measure the stock market scale to the banking market scale with the ratio of stock market capitalization/private sector credit.
Shock represents external shocks. Based on the method used by Beck et al. [11] , inflation volatility measured with the consumer price index was used as explanatory variables to represent external shocks. The measurement of inflation volatility should be conducted in the same way as the measurement of the volatility of real per capita GDP. The interaction term of the financial development and inflation volatility should be introduced to see whether financial development can effectively absorb external shocks and stabilize economic volatility.
X represents control variables. According to the relevant literature, other control variables used in the measurement model include: (1) trade openness, measured with the ratio of total import-export volume to GDP [12] ; (2) human capital, measured with the ratio of the number of college students to the total population [33] ; (3) government scale, measured with the ratio of local fiscal expenditure to GDP [38] ; and (4) the level of economic growth, measured with the growth rate of real per capita GDP [10] . All basic data was calculated and systemized based on China Statistical Yearbook and China Financial Yearbook of various years. The names and definitions of related variables are presented in Table 1 . Summary statistics of related variables are shown in Table 2 . As a rudimentary check for multi-collinearity, Table 3 shows the correlations among lagged volatility and other independent variables used in the regression analysis. We find the highest correlation coefficient of 0.6732 appeared between tlnrpgdp1 and ggdp. As a rule of thumb, a correlation of 0.7 or higher in absolute value may indicate a multi-collinearity issue. In model (1), the lags of dependent variables function as explanatory variables makes the explanatory variable introversive. Hence, if we apply the random effect or fixed effect of panel data to estimate the model, we would get a biased and non-confirming estimated result. In order to solve the problem of introversion, Arellano and Bond [44] proposed the estimation method for difference GMM. By using lagged instruments of explanatory variables and predefined variables, as well as the difference of strict external variables as instrumental variables, we can achieve efficient estimation. Further research by Blundell and Bond [48] , as well as Bond et al. [49] , found that this kind of GMM estimation would be easily affected by weak instrumental variables and cause finite sample errors. To overcome this problem, Arellano and Bover [50] and Blundell and Bond [48] propose the system GMM estimator. The system GMM estimator combines the difference equation and level equation, and it uses additional difference variables as the tool of relevant variables of level equation. Generally speaking, system GMM estimators possess better finite sample property. In terms of choice of structural tools for weighted matrix, GMM estimation can be divided into one-step estimation and two-step estimation. Considering some flaws (Although one-step GMM is a consistent estimator, its validity depends on homoscedastic assumptions of the disturbing term. Specific forms of weighting matrix are not necessarily set in the two-step GMM method. Instead, the consistent estimator obtained from the first-step IV estimation is used for setting the weighting matrix in the second-step IV estimation. Thus, a valid estimation of heteroscedasticity and serial correlation is obtained [51] . Theoretically, the two-step GMM method is more reasonable. However, Bond et al. [49] believe that, with limited samples, the standard two-step GMM will show serious downward bias, thereby affecting the statistical inference.) in the two-step estimation method of the system GMM, we employed the method proposed by Windmeijer [52] to revise the estimators of standard errors. Generally speaking, we used the STATA process (xtabond2 command) developed by Roodman [53] to implement two-step GMM estimation. Table 4 shows the impact of financial development on macroeconomic volatility. In Table 4 , columns (1)- (4) show the scale of the impact of financial development on macroeconomic volatility; columns (5)- (8) show the impact of efficiency of financial development on macroeconomic volatility. It can be seen in columns (1)- (8) in Table 4 that, no matter the scale or efficiency, the trended and cyclical volatility of the previous macroeconomy had a significantly positive impact on trended and cyclical volatility of the current macroeconomy, both of which passed the 1% significance test, but trended volatility showed a greater impact than cyclical volatility. This result suggests that the existing literature does not take into account that the lagged term of macroeconomic volatility affects the accuracy of the estimated value. Thus, we should avoid radical macroeconomic change, and make stable, healthy, and sustainable macroeconomic development, and this is consistent with the vision of the Chinese government. Similarly, the impact of inflation trended and cyclical volatility on macroeconomic volatility was not the same. Inflation trended volatility had a significantly negative impact on both macroeconomic cyclical volatility and trended volatility, while inflation cyclical volatility had a significantly positive impact on macroeconomic cyclical volatility, which suggests that inflation trended volatility will suppress macroeconomic volatility, and its cyclical volatility amplified macroeconomic volatility. Thus, only by taking into account trended or inflation cyclical volatility will it yield different results in the existing literature. At the same time, we also control ups and downs of inflation each year, especially, the inflation cyclical volatility. In the model in which inflation trended volatility was taken into account (columns (1) and (2)), the scale of financial development had no significant impact on macroeconomic trended volatility, but the signs were the opposite. In the model in which inflation cyclical volatility was taken into account (columns (3) and (4)), the scale of financial development had a negative impact on macroeconomic cyclical volatility, and passed the 1% significance test, which agreed with the idea of Mallick [33] that increasing private credit will suppress macroeconomic cyclical volatility, but not affect the long-term macroeconomic volatility. However, the results were contrary to the Darrat et al. [15] results. In columns (1)- (4), the signs of the interaction term financial development scale and inflation trended volatility were positive, but not significant. The sign of the interaction term financial development scale and inflation cyclical volatility was negative, and passed the 5% significance test. These results show that the scale of financial development suppressed macroeconomic volatility through inflation cyclical volatility, but amplified macroeconomic volatility through inflation trended volatility. These results are opposed to Mallick's [33] conclusion; he found that external shocks affect not only cyclical volatility but also long-term volatility of GDP growth. The reason may be the difference of method of volatility measure and time horizons. Similarly, for the financial development level model, measured by financial development efficiency (columns (5)- (8)), financial development efficiency had a non-significantly positive impact on macroeconomic trended volatility and a non-significant impact on macroeconomic cyclical volatility in the model of inflation cyclical volatility. The reason may be that there are lower credit and loan amounts in the private sector economy; if the financial institutions, led by banks, are more inclined to lend to the state-owned sector, it will affect the enthusiasm of private sector development. Namely, the efficiency of financial development has not yet reached the level of affecting macroeconomic volatility. Apart from this, the remaining results were the same as the financial development scale. Therefore, taking scale and efficiency of financial development into account, the impact of financial development on macroeconomic volatility was basically consistent.
Empirical Results and Discussion
The Impact of Financial Development on Macroeconomic Volatility
The impact of other control variables on macroeconomic volatility was as follows: (1) In the model of inflation cyclical volatility, apart from openness having a non-significant positive impact on macroeconomic volatility, the other signs in the model were negative, indicating that openness can reduce macroeconomic volatility; (2) Government expenditure had a negative impact on macroeconomic trended volatility, but a positive impact on macroeconomic cyclical volatility; (3) Human capital suppressed macroeconomic volatility, but the significance was different. The impact of human capital on macroeconomic trended volatility was significantly negative, but its impact on cyclical volatility was not significant; (4) Economic growth had a positive impact on macroeconomic trended volatility, and passed the 1% significance test, but its impact on macroeconomic cyclical volatility was not significant. (1) in the text is estimated by GMM-Sys for the period 1997-2014. z-statistics in bracket are calculated using heteroscedasticity-robust standard errors; () is p value *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. Table 5 shows the impact that the development of the financial market has on macroeconomic volatility. The results in Table 5 show that results vary when development of the financial market is measured with various indicators. When development of the financial market was measured with turnover rate in the stock market, development of the financial market had a positive impact on macroeconomic cyclical volatility and trended volatility, but was not significant. When development of the financial market was measured with the value of tradable shares, development of the financial market had a negative impact on macroeconomic cyclical volatility and trended volatility. Apart from the model of financial market development and inflation trended volatility, the coefficient of the remaining variables in the model were not significant. When development of the financial market was measured with turnover rate in the stock market, development of the financial market had a non-significantly negative impact on macroeconomic trended volatility. However, it had a positive impact on macroeconomic cyclical volatility, and the coefficient of that variable passed the 5% significance test in the cyclical fluctuation model of development of the financial market and inflation. The sign of the interaction term development of the financial market and inflation trended volatility being positive was only significant in the cyclical volatility model of stock market capitalization and inflation. The sign of the interaction term development of the financial market and inflation cyclical volatility being negative was significant in the cyclical volatility models of both the value of tradable shares in the stock market and inflation as well as in the cyclical volatility model of the stock market capitalization and inflation. Therefore, the Chinese government should not only pay attention to the development of scale of the stock market, but also to the infrastructure construction of the stock market. Moreover, government should be built with a long-term investment value of the stock market, rather than with a speculative effect of the stock market. Signs and significance of related control variables were similar to those shown in Table 4 . Table 6 shows the impact of the financial structure on macroeconomic volatility, showing that results varied when the financial structure was measured with various indicators. When the financial structure was measured by the ratio of turnover rate in the stock market to financial development efficiency, the financial structure had a positive impact on macroeconomic cyclical volatility and trended volatility. This in turn had a significantly positive impact on macroeconomic cyclical volatility. When the financial structure was measured by the ratio of the value of tradable shares to financial development efficiency, the financial structure had a negative impact on macroeconomic cyclical volatility and trended volatility, but was not significant. When the financial structure was measured by the ratio of stock market capitalization to financial development efficiency, the financial structure had a non-significantly negative impact on macroeconomic trended volatility, but a positive impact on cyclical volatility. The coefficient of the variable passed the 10% significance test in the trended volatility model of inflation. Thus, compared with the bank credit market, the stock market development has a weak influence on the macroeconomic volatility in China. The reason may be that banks, in the provision of funds, are still in the core position; the stock market still provides mainly financing for the state-owned sector [54] . Therefore, the government should pay attention to the financing and development of all sectors, including the private sector involved in the stock market, so as to improve the influence of the stock market development on the macroeconomy. Signs and significance of related control variables were similar to those shown in Table 4 .
The Impact of Financial Market Development on Macroeconomic Volatility
Robustness Test
In order to test the reliability of the results, several sensitivity tests were conducted. First, the calculation method on the main variables was converted to test the reliability of the results; namely, the macroeconomy was measured with the real GDP instead of the real per capita GDP. The macroeconomic cyclical volatility and trended volatility were measured by the moving standard deviation of the five-year real per capita GDP adjacent trended factors and cyclical factors instead of the moving standard deviation of the four-year real per capita GDP. The volatility of inflation was measured by the rate of change in the retail price index instead of the rate of change in the consumer price index. Secondly, square terms of financial development, the financial market development, and the financial structure were added to the model in order to examine the non-linear relationship between the financial index and economic volatility. Finally, to further address the causality between the financial index and economic volatility, the result of the inverse regression was also shown in this paper. To be specific, the lagged term of trended volatility and cyclical volatility of the moving standard deviation of real per capita GDP was used as an independent variable, and a related financial index was used as a dependent variable for regression. It was found that the above changes created no impact on the signs or the significance of the main results (we have not listed these results here for lack of space). Note: The model (1) in the text is estimated by GMM-Sys for the period 1997-2014. z-statistics in bracket are calculated using heteroscedasticity-robust standard errors; () is p value *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively.
Conclusions
Using annual data from 1997 to 2014 on 30 provinces, municipalities, and autonomous regions in China, subdividing cyclical volatility and trended volatility of the macroeconomy and inflation, and considering various measurement methods for indicators of financial development and the financial structure, this paper systematically studied the impact of financial development and the financial structure on macroeconomic volatility. Considering endogenous issues of financial development and the financial structure, controlling the opening policy, government expenditure, and human capital and growth rate of GDP in different regions in China, the results found that: (1) Trended and cyclical volatility of the previous period's macroeconomy had a significantly positive impact on those of the current period, and the impact of trended volatility was greater than that of cyclical volatility; (2) Inflation trended volatility had a significantly negative impact on macroeconomic cyclical volatility and trended volatility, and inflation cyclical volatility had a significantly positive impact on macroeconomic cyclical volatility; (3) The scale and efficiency of financial development had no significant impact on macroeconomic trended volatility, but had a significantly negative impact on macroeconomic cyclical volatility; (4) The scale and efficiency of financial development suppressed macroeconomic cyclical volatility through inflation trended volatility, but amplified macroeconomic volatility through inflation trended volatility; (5) The turnover rate in the stock market had a non-significantly positive impact on macroeconomic cyclical volatility and trended volatility. The value of tradable shares had a non-significantly negative impact on macroeconomic cyclical volatility and trended volatility. The stock market capitalization had a non-significantly negative impact on macroeconomic trended volatility, but a positive impact on macroeconomic cyclical volatility. Financial market development amplified macroeconomic trended volatility but suppressed inflation cyclical volatility; (6) The financial structure measured by the ratio of turnover rate in the stock market to efficiency of financial development had a positive impact on macroeconomic cyclical volatility and trended volatility, and this impact had a significantly positive impact on macroeconomic cyclical volatility. The financial structure measured by the ratio of the value of tradable shares to the efficiency of financial development had a non-significantly negative impact on macroeconomic cyclical volatility and trended volatility. The financial structure measured by the ratio of stock market capitalization to the efficiency of financial development had a non-significantly negative impact on macroeconomic trended volatility, but had a positive impact on macroeconomic cyclical volatility.
The practical significance of this paper is obvious. First, we should avoid ups and downs in the macroeconomy, the macroeconomy of the previous period will affect trended volatility and cyclical volatility in macroeconomy; second, we should reasonably increase credit, especially private sector credit, because the growth of the credit scale will restrain trended volatility and cyclical volatility in the macroeconomy; third, turnover rate and capitalization of the stock market may amplify cyclical volatility in the macroeconomy. Consequently, in China, the more developed the stock market is in relation to the bank credit sector, the greater cyclical volatility is. Therefore, instead of scale development, relevant government departments should focus on long-term investment and development depth in the stock market.
